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Sectoral adaptation pathways and limits

Science and policy approaches regarding adaptation

Science first - impacts N
P I ¢ PR S — 3 Results
What are the economic AL F TEENAS T v
B, ol LAY
costs of climate change in il -} SRS ey 3
Europe in 2050 and 2100, E = =’ =, ah mz 1N
under different warming - m om ——" i
scenarios? : : : :
RCPs (scenario) » Climate model » Socio-econ. » Impact model » Economic model
Run for each scenario (Exp., Vul } Results for each scenario
Science first - adaptation ith di E th di v
pta [with different models] [with different models] With adaptation
What are the modelled costs *e
and benefits of adaptation Modelled adaptation Reduced impact
in 2050 and 2100, for each (technical options) ™ 4qitional cost naz HNZ
of these warming scenarios?
Objectives »  Assess risk - Options » Decision support » Implement
. Structure policy Assess current risks and Identify all options and Assess options and strategy Design, finance,
What robust, cost-effective question and objective  future risks with uncertainty develop strategies (including costs and benefits)  implement, monitor
adaptation strategy can we ot ot st
tal(E? : :i: ?;:%::Er:and planning . ~ ap
b 1 Bl r.nancingarst'rumts & ‘\; [
What are the costs and "1 Crowogtom s
benefits of adaptation for the O resmoptons | o
D Blue options ——
next national adaptation plan? Bl Informationandawareness Mg 5 Ve 55 e
EZ: Capacity building,

\ Climate | Resilience | Europe

=7 SPARCCLE



Coupling of physical impacts including extremes into
probabilistic climate risk modelling

% AR(t): available resources for heat adaptation
=3 AR(t) = f(t) f(t): fraction of country’s devolved to heat adaptation

AN(t): adaptation needs
[@lﬂ AN(t) = z r(T) E(t,T) 1 (T): cost Qf adaptation per unit of exposed people for a
given temperature T
T E(t, T): people exposed to temperatures T

Adaptation Coverage ~ AC(t) = AR(t)/AN(t) Fraction of resources that the countries can cover

Ideally, we want AC(t) = AC to have fOGDP(E) Y,r(T)E(,T)
at least the same heat impacts on =
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Coupling of physical impacts including extremes into
probabilistic climate risk modelling

* Focus on most stressful conditions and patterns, e.g.
realizations affecting many people in neighboring Heat exposure ot 15°C vs median 3.0°C GUL — T > 42°C
regions/countries

0.02 1
>

* Extend to extreme precipitation exposure of assets,
possibly other extremes covered by MESMER

Example realization in

1.5 GWL (SSP3 '
* Refine adaptation coverage approach by grounding (35P3) exposing

median (%)
%

X 1
| D 0
&

P Nno

MO 33

o ¢ e, 188
o, % g

4 48

3

H

&

largest amount of
adaptation costs estimates r(T) from D4.1/literature, S ~ people in largest
¢ connected area

both for heat and heavy precipitation el

B - - + +20 + . X
Population exposed above 42°C relative to 3°C median (M) ~ Density
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Probabilistic physical risks for integrated assessment

models

Y CatSim estimates the total available financing
resources of each European governments to
address climate risk, and identifies their expected
annual fiscal gaps.

¥ Milestone MS18: Preliminary risk layer handover
for IAMs (M30). Including a methodological report
on the approach adopted as well as results on EU
countries fiscal gaps (finished) (Step 3, 5)

3+ Update of financing resources based on empirical
analysis of past disaster events and financing
sources used (Step 1). Update of risk-layers using
new fiscal resources identified (based on
recommendations of reviewers).

Step 1: Financial Resilience:

A

- Diversion from Budget

- Taxation

- Domestic Credits

- International Borrowing
- Savings

- International Assistance
- Proactive Instruments

Step 2: Annual Loss distribution

"

Current Risk |
—

P(X<x)

L~ | Future Risk |

Xc Xg Losses

Financial Resilience to finance losses

{

)

Extreme Risk country is exposed to

Step 3:

Probability

Probability of | High risk\aver,‘____.]_

experiencing

year event Low rig

layer

stress due to Middle risk
— layer
limited resources
Fiscal resource gap \

K

- Step 4:

-4 Risk Management

i Options for given stress
t | level and risk-layer

Step 5:
Expected Shortfall
and potential costs

Fiscal Resource Gap

Losses| | toreduceES

\¢
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Integration with Climada

56 5
54
52 -
50
48 -
46 -

44 4

42 1 g \
td
40 , : \

Extreme heat (TXx),
Extreme precipitation
(Rx1day)

CurPol | 2040 | ACCESS-CM2 Emu #10

100

75

50

25

Population (1k)

Jak

exposure

Exposed %

~
7

NUTS2 level

l European population at

(scaled nightlight
satellite images +

[

N
Ll

TXx(°C)

population census)

Impact function
that depends on
socioeconomic
factors

~

\

Fatalities %

V(T,t)
-~

TXx(°C)

85 o

Jat

Hazard Emulations from MESMER
e TXx, Rxlday (2.5 degree resolution)
* Stress-Test Scenarios

Exposure Projections

e Population trends for different
socioeconomic scenarios

* Physical Assets for extreme precipitation

Vulnerability

* People/Assets exposed to Hazard
* Fatalities vs TXx

* Economic Damages vs Rx1day

> Adaptation Coverage

\(& Climate | Resilience | Europe
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WP4: Climate Risk over Europe - Adaptation Coverage

The capacity of European countries to protect people from extreme heat depends on

[ d [ 4 [ J o o [ J
Different pace of warming across Europe Socioeconomic conditions
Exposed population & adaptation weights — Central Europe, SSP3 (GWL 1.5 vs 3) R
le7 20 Germany — GDP projections by SSP > Natlona/ economy
. GWL=3 — S5P1
2.0 GWL=1.5 . 14T4 __ ssp2
E —e= Quadratic (a=0.1) L 15 % — ssp3
B 15 £ SSP4
é @ 12T | = ssps
10 =
g 1.0 5 - , o
a B = Germany — Population projections by SSP
(=} [=3 o
& 05 Ls & 3 10T
= 85.0M +
0.0+ 0 J
1e8 8T 80.0M
1.25 / c
g 6T 4 % 75.0M
§p 1.00 2020 2040 2060 2080 2100 2
) Year £ 70.0M
2x 075
Fy —— S5P1
£% 0504 65.0M 4 —— 55P2
2 —— 55P3
= 0.25 - SSP4
I I 60.0M 4 ___ ccps
_ | [ . ‘ , ; ;
0.00 24 26 2; 30 32 34 36 38 20 22 > POp UIa tlon Changes 2020 2040 2060 2080 2100

TXx (°C) Year

» Adaptation costs

Cost scaling function: how much more expensive it is to

\ adapt to higher temperatures
\C

d/\ S P/\RC C LE April 2026 ISIMIP Energy sector monthly meeting 28.04.2026



Drivers of Adaptation Coverage

Example: .
» Population Changes
S5P3 ) due to climate change P J
/1.5°C
Minimum investment changes wrt
today to keep same coverage as today
.=l:.:’_’ AR » GDP Change fin: AC(t) = AC(ty)
fmin(®) _ AN(?) y GDP(t)
fo AN, ' GDP,

\¢
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Different challenges for Adaptation

Minimum Required Investment Changes 7 Lon
Ny
;.
fmin: AC(t) = AC(to) <,
£ H
1.8 24 H
I 10fBes00080e0a00L020080 soinniee
1.6 . . . . . , . , . . , . . . . . . . .
1.2 . . .
~ ¢ Central-Western Europe: Largest relative challenge; big population,
(1o % large temperature shifts, low baseline hard to maintain
r 0.8
* Southern Europe: Smaller shift; shrinking population, but higher
0.6 .
baseline stress already
0.4
- * Northern Europe: Large temperature changes but low overall values,

growing population, stronger economies, low baseline
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WP5: Modelling Adaptation — Coupling scheme

IAM

IAM = ABM

*  Average temperature
* Extreme heat days

Output:

Adaptation investments

(I_ADA) effect on:

« Damages (QQ)
* Mitigation policies (MIU)
* Economic growth (Y)

ABIVI -2 1AM
Capital investment
* Adaptation investment
* Change in damages
*  Population

* Countries: NLD and USA (whole EU work in
progress)
* Hazards: Flooding and labour productivity

\(-». Climate | Resilience | Europe
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Modelling Adaptation — Adaptation via coupling

IAM “classic” cycle
.

New components Flood
from coupling

S ) probability
(Alfieri et
al., 2017)

Flood
damages

: Emissions
Economy (AT)
eat impact
on labour
productivity
Dasgupta et
al., 2021

Heatwaves
frequency

Adaptation
actions

DETHETE

Adaptation
investment

Source: Schill et al. 2019

|
l———-————_—

10
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Modelling Adaptation - Results

a) | b} | LTP REF
354 - 54 |
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Modelling Adaptation — Emulator

Mitigation Policy (MIU) vs Climate Damages in 2100

Comparison of full CRAB model and statistical emulator predictions

Full CRAB Model Statistical Emulator

=
[
o

(o

(=)

(L]

‘6

£

2o

[ ]

(143

=

113

[}

34

@

E

(]
c
w
b

Mitigation Rate (MIU: 0 = no mitigation, 1 = full mitigation)

Damage Type -+ Gross (no adaptation) =% Met {with adaptation)

N
=7\ SPARCCLE

ience | Europe




Latitude

52.5

Modelling Adaptation — EU exposure calibration

Sampled buildings by class (n=414,568)

RP10 - 18,117 hit (4.4%)

© residential
commercial
© warehouse

RP50 - 23,608 hit (5.7%)

RP500 - 30,803 hit (7.4%)

A
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Latitude

Sampled buildings by class (n=368,072)

RP10 - 20,518 hit (5.6%)

°

residential
commercial
warehouse

RP50 - 25,459 hit (6.9%)

RP500 - 30,495 hit (8.3%)

-4 -2 0 2 a 6

Longitude

Latitude

Sampled buildings by class (n=270,630)

RP10 - 20,085 hit (7.4%)

°

residential
commercial
warehouse

RP50 - 24,778 hit (9.2%)

RP500 - 29,658 hit (11.0%)

8 10 12 1
Longitude
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Results for Adaptation to head/floods
YwGenerally BCR>1

wImproved long-term growth
potential

a) NLD b) USA
2086.27

SLower under Net-Zero LTP R
scenarios, but still positive

c)

Benefit-Cost Ratio (BCR)

(=] =] = = =
Benefit-Cost Ratio (BCR)
[ " g

-
2=
g

ES

( [ REF (Benefit)
@A Climate | Resilience | Europe o REF(Cost
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